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Refugia



Refugia

Will physical microrefugia   

maintain existing fynbos 

communities?

When are fynbos 

communities likely to be 

resilient to change? 

Will shifting abundance or 

immigration provide 

resilience in ecosystem 

function despite species

composition change?



Trait Driver Theory 

A general theory for trait-based ecology that can 
scale from individuals, to communities, and to 
ecosystems 

P
ro

b
ab

ili
ty

 D
en

si
ty

(e.g.,) Specific Leaf Area

Enquist et al. Adv. Ecol. Research 2015
Merow and Enquist,  In prep



Dynamics of community trait moments

Total biomass

Trait mean

Trait Variance

Trait Skew

Turelli and Barton 1991
Norberg et al. 2001
Savage et al. 2007
Enquist et. al 2015

f describes the per capita growth rate
M describes moments of the trait distribution 



Trait Moment Dynamics Growth function

Can parameterize 
with *high 
resolution* remote 
sensing pixels

Total biomass

Trait mean

Trait Variance

Trait Skew



Trait Moment Dynamics Growth function

Can parameterize 
with *high 
resolution* remote 
sensing pixels

Total biomass

Trait mean

Trait Variance

Trait Skew

And a biomass growth as model 
(Wilson et al. 2010)



Individual 

Demography ~ Traits

Population Dynamics ~ 

Individual Demography 

Ecosystem Function ~

Community Dynamics

Community Dynamics ~ 

Population Dynamics

Traits ~ EnvironmentAdding more trait 

structure….



Immigration is needed for resilience

Scenario 1: 

Local Adaptation, 

No dispersal

Scenario 2: 

Immigration of 

traits better 

suited for new 

climate



Products

(Possibly only along flight paths, but we’ll try using environmental covariates to extend to the CFR)



Recovering species composition from trait distributions

Species distribution models (~6k plants)

Elevation
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Trait Matrix Merow et al 2011



Thanks!
Pep Serra-Diaz

Mark Urban

Xinyi Shen

Pep Serra-Diaz 

Jasper Slingsby

Wendy Foden 

Nicola van Wilgen

Brian Enquist 

Manos Anagnostou

Adam Wilson

Questions?



Bonus slides below



Trait Driver Theory 

Enquist et al. Adv. Ecol. Research 2015

Trait distribution 
moments scale with 
ecosystem function!



A step further with Integral Projection Models

Apply to communities, 

rather than populations

8

6

4

2

 

S
iz

e
 (

t+
1

)
2 4 6 8

Size (t)(a)

0.22

0.79

0.01

0

0.31

0.29

0.68

0.03

0.55

0.04

0.51

0.45

0.56

0.02

0.29

0.7

0
.0

0
.2

0
.4

0
.6

8

6

4

2

 

S
iz

e
 (

t+
1
)

2 4 6 8

Size (t)(b)
0
.0

0
0
.0

5
0

.1
0

0
.1

5

8

6

4

2

S
iz

e
 (

t+
1

)

2 4 6 8

Size (t)(c)

0
.0

0
0
.0

2
0

.0
4

0
.0

6

8

6

4

2

 

S
iz

e
 (

t+
1
)

2 4 6 8

Size (t)(a)

0.22

0.79

0.01

0

0.31

0.29

0.68

0.03

0.55

0.04

0.51

0.45

0.56

0.02

0.29

0.7

0
.0

0
.2

0
.4

0
.6

8

6

4

2

 

S
iz

e
 (

t+
1
)

2 4 6 8

Size (t)(b)

0
.0

0
0
.0

5
0

.1
0

0
.1

5

8

6

4

2

S
iz

e
 (

t+
1
)

2 4 6 8

Size (t)(c)

0
.0

0
0
.0

2
0

.0
4

0
.0

6

8

6

4

2

 

S
iz

e
 (

t+
1
)

2 4 6 8

Size (t)(a)

0.22

0.79

0.01

0

0.31

0.29

0.68

0.03

0.55

0.04

0.51

0.45

0.56

0.02

0.29

0.7

0
.0

0
.2

0
.4

0
.6

8

6

4

2

 

S
iz

e
 (

t+
1
)

2 4 6 8

Size (t)(b)

0
.0

0
0
.0

5
0

.1
0

0
.1

5

8

6

4

2

S
iz

e
 (

t+
1
)

2 4 6 8

Size (t)(c)

0
.0

0
0
.0

2
0

.0
4

0
.0

6



Ecosystem Predictions

Ecosystem Quantity Metric

Net Primary Productivity Dominant right eigenvalue

Trait distributions Dominant right eigenvector

Resilience Damping Ratio

Duration of successional stages Life Expectancy

Sensitivity/Elasticity Eigenvectors

Amazon Rainforest © Jake Bryant

4. Trait-based demography

Merow and Enquist, In prep

Reinterpreting population statistics in terms of community 
and ecosystem statistics
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